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INTRODUCTION
Radioactive waste management has drawn serious attention by the scientific community in recent times. It has been realized that there is a need to immobilize the radionuclides as well as hazardous chemical species before the final disposal.
Blends of various cementitious materials constitute a potential host matrix to immobilize most of the chemical species [ 1-41. Solidification of low level liquid waste in cementitious grouts has certain inherent advantages over other methods. Hydrated products may be formed by the participation of some of the waste chemical species in the hydration process; some species may be absorbed in the several hydrated compounds formed, and a significant amount of liquid containing soluble salts can be restrained and rendered somewhat immobile in the highly torturous porous network formed in the hardened grout.
Traditionally the long term performance of cement waste forms are tested by examining their leaching behavior. This is sometimes misleading due to imperfect simulation of conditions that actually exist at the disposal site. Pore solution study, especially at early ages, is an alternative supplementary method to help assess the long term performance of the grout, and the mobility of different waste species in the system. In this study we have examined the behavior of a particular cementitious blend containing attapulgite clay to the two different type of simulated off-gas waste condensate solutions expected to be generated during a proposed vitrification treatment process to be applied to Hanford tank wastes.
EXPERIMENTAL
The materials incorporated in the cementitious blend used in this study are a Type 1/11 portland cement (Ash Grove Cement Co., Durkee, OR), a Class F fly ash (Centralia, WA, purchased from Ross Sand and Gravel Co., Portland, OR), a granulated blast furnace slag ( Koch Minerals Co., Chicago, IL), and attapulgite clay (Engelhard Co., Iselin, NJ). The chemical composition of the materials, as provided by their respective suppliers, are given Table I . The solid blend used as the base of the grouts studied was blended in weight proportions of 3:3:3:1 respectively of cement, fly ash, slag, and attapulgite clay. The dry components were first mixed manually for a prolonged period by stirring and hrther homogenized in a rotary drum overnight.
So-called "Case 2" (alkaline) and ''Case 3" (carbonated) simulated off-gas solutions were prepared from the AR grade laboratory reagents at 45"C, in order to avoid precipitation of phosphate. The ionic concentrations of the simulated off-gas solutions are given in Table 11 . "Case 1" solution, which is acidic in nature and prone to produce gases during the grout hydration process, has not been considered.
The grouts were prepared at 45°C with a volume to weight, waste/solid ratio of 1, using a Hobart mixer at the lowest speed. The mixed slurry was poured into many replicate 100 cc plastic ointment jars and sealed in order to avoid any water loss due to evaporation. They were than allowed to react isothermally at room temperature (22OC), 50°C or at 90°C. During the grouting process a large amount of exothermic heat is generated due the reaction of cementitious materials with the simulated waste solutions. Furthermore, in handling the real wastes an additional contribution to heating is expected from radiolytic heat generation [S, 61. Consequently it is , expected that the actual grouts will remain at elevated temperatures in the underground vaults for extended period of time. Isothermal calorimetric study of similar grouts showed that the temperature may rise to as much as 70°C with in 3 days and stabilizes at this temperature for an extended period (7) . The present high-temperature exposures were employed to gain insight into the responses to be expected under such elevated temperature storage conditions.
Pore 
I I
The pore Solutions were analyzed for the following ions: Na' , K' , NO;, NO;, SO:-, PO: ' and OH-. The cations were analyzed by atomic absorption spectroscopy and the anions (except OH-) by ion chromatography. The OH-ion concentration was determined by titration with HCI.
RESULTS AND DISCUSSION
The ionic concentrations of the pore fluids expressed from Case 2 and Case 3 waste forms at various ages up to 90 days at room temperature are presented in Figures 1 (a) and (b) respectively. A comparison of the results for the different ionic species in the two cases show that similar trends are displayed in the both.
Specifically, it was observed that the phosphate was entirely removed from the pore solution before 12 hrs in both cases. The removal of phosphate during the early hours of reaction led to an increase in OH-ion concentration in both the cases.
The Case 3 waste form results indicated that carbonate was removed from the pore solution to precipitate calcium carbonate and the calcium monocarboaluminate phase [9] . These two reactions appeared to result in increases in the OH-ion concentration to a level approximately equivalent to that found for Case 2 waste form.
In both cases the early reduction of sodium ion concentration was significant, with the process continuing but becoming very slow after 7 days. The NO; and N O i concentrations remained high throughout, indicating that these species are not immobilized in the present systems. These results contrasted strongly with reports concerning an alternate cementitious grout blend that incorporated a high volume of fly ash, and where the simulated waste solution was much more alkaline. In those circumstances zeolite was formed in situ, and especially at higher temperature significant amounts of NO; and NO; were immobilized [ 10-1 21.
The other ions, mainly those released from the cement in early hydration period ( e g K' and SO: -) remain in the pore solution indefinitely. The ionic concentrations derived from grout exposure at 50°C and 90°C are presented in Figure 2 and 3 respectively. At higher temperature the reductions in the concentration of Na' and OH-ions takes place more rapidly. Only a small change in NO; and NO; ion concentration was observed within 7 days, and thereafter they remained in the pore solution indefinitely.
In Figure 4 (a) and (b) we show the influence of temperature on the concentrations of various chemical species present in the pore solutions at 3 days for Case 2 and Case 3 grouts. Though Case 2 condensate was highly alkaline and the Case 3 condensate was carbonated, their immobilization behavior is seen to be almost similar.
At 90°C there was a much stronger reduction in Na' and OH-ion concentrations in both cases than there was at room temperature. At higher temperatures there was a slight decrease in nitrite concentration and corresponding increase in nitrate concentration; most probably due to slow oxidation of nitrite to nitrate. There was a slight increase in concentrations of both K' and SOT ions with temperature. In these systems the main source of these ions is the cement, and at 90°C the ions are released faster to the pore solution.
A more detailed examination OH-ion concentrations at all temperatures is given in Figure  5 . Again both Cases yielded quite similar results. At room temperature the decrease in OHconcentration up to 7 days was similar for the two cases, but the reduction was found to continue for longer periods in the Case 3 waste form. At and above 50°C most of the decrease in OHconcentration occurred during the first 7 days; subsequent reduction was limited. At 90°C after 90 days of hydration the OH-concentration in both the cases reached an identical value.
In both waste forms bleeding at early stages of hydration was a common problem, but generally higher amounts bleeding was observed with the Case 3 solution. A comparison of analyses for the separated bleed water (which remained in contact with hardened grout until removed) and expressed pore solution of 3 days old samples was made for samples hydrated at all three temperatures. It was found the variations in the ionic concentrations with temperature in the bleed water were found to closely match the corresponding data for the pore solutions as shown in Figure 4 . This result indicates that at this early ages there is a fiee exchange of ionic species between the pore solution and bleed water.
